Digital currencies, such as Bitcoin, have emerged as an alternative form of money, untethered to traditional money and largely unregulated. As such, digital currency represents a wild frontier for investors who might otherwise be shopping for gold or foreign currencies, with serious risks. The present work considers digital currency from a traditional asset pricing perspective. Setting aside risks of seller fraud or currency theft, we examine fluctuation and systematic risk in the price of Bitcoin. From this perspective, Bitcoin does not appear to carry much systematic risk --despite its high volatility --and so is a reasonable candidate for inclusion in investors' portfolios. Some illustrative examples suggest that the optimal amount of Bitcoin to include in investor portfolios may be tiny or instead substantial -as high as 21 percent of total financial assets.
In general, investors can allocate their wealth between risky and riskless assets. However, within the risky assets, investors need to decide how much money should be invested in each risky asset. For the sake of simplicity, assume investors can only allocate their money in between Bitcoin and the stock market as a whole, not individual stock. Given the huge price fluctuation in Bitcoin, Bitcoin may be a good tool for hedging risk. In other words, Bitcoin will be able to diversify the risk in an investment portfolio if it does not have a systematic risk. To test the systematic risk of Bitcoin, the Capital Asset Pricing Model (CAPM) and the Fama-French Three Factors Model are applied. Another question that this study tries to answer is: what proportion of Bitcoin should be included in an investment portfolio? Mean-variance portfolio analysis is used to identify the optimal proportion of Bitcoin in an investment portfolio.
The results of the CAPM suggested that the sensitivity between Bitcoin excess return and excess market return is inelastic. Moreover, the results of the Fama-French Three Factors Model show that Bitcoin excess return cannot be explained by the three variables in the model: excess market return, Small Minus Big (SMB) (Note 2) and High Minus Low (HML) (Note 3). Thus, both the CAPM and the Fama-French Three Factors Model confirm that Bitcoin does not have a systematic risk. The results from a mean-variance portfolio analysis suggest that an optimal risky portfolio should include around 4.4% to 21.5% of Bitcoin.
For the robustness tests, we first re-estimate all the analyses using another data sources for Bitcoin's prices. Second, we construct an agent's wealth index for measuring the excess market return. Agents are allowed to allocate their wealth to three different risky assets: bonds, stocks and real estate. Third, instead of using average Bitcoin's prices, we re-estimate our models focusing on the price of Bitcoin from a single Bitcoin exchange company, Bitstamp. Fourth, we included the probability of Bitcoin theft into our models. Moreover, we compare the results of Bitcoin and Gold in the CAPM and the Fama-French Three Factors model. We found that excess Gold return does have a systematic risk. Thus, the movement of Bitcoin's prices does not behave like the traditional assets such as gold. Last but not least, we incorporate Bitcoin into the market portfolio, and the weight of Bitcoin depends on the ratio of Bitcoin capitalization and stock markets capitalization. The results of robustness tests suggest that the Bitcoin does not have systematic risk, and the optimal proportion of Bitcoin in an investment portfolio is almost identical to the main results.
Literature Review
Moore and Christin (2013) examine the track record of 40 Bitcoin exchanges. They find that less popular exchanges are more likely to shut down than popular ones, but popular exchanges are more likely to suffer a security breach. Briere, Oosterlink, and Szafarz (2013) analyze a Bitcoin investment with a diversified portfolio. They find that an investment portfolio with Bitcoin has a higher average return and volatility compared to an investment portfolio without Bitcoin, and Bitcoin has low correlation with other assets. Their results suggest that well-diversified portfolios with small proportions of Bitcoin may significantly improve the risk-return characteristics. Dyhrberg (2016a) studies the financial asset capabilities of Bitcoin using generalized autogressive conditional heterosdedasticity (GARCH) model and exponential GATCH) model. Bitcoin can be used as a tool for risk-averse investors in anticipation of bad news. In addition, Bitcoin includes the partial advantages of both commodities and currencies in the financial market, so he concludes that Bitcoin is a useful tool for portfolio management risk analysis and market sentiment analysis. Dyhrberg (2016b) studies the hedging capabilities of Bitcoin using the asymmetric GARCH methodology. Bitcoin can be used as a hedge against stock in the Financial Times Stock Exchange index and the US dollar. Thus, Bitcoin has positive contributions in the market for portfolio analysis and risk management.
The most common question people may ask about Bitcoin is whether it is a currency or not. Chen and Pandey (2014) examine the role of Bitcoin as a currency and its usefulness as an investment asset. They compare the correlation between Bitcoin and major world currencies. They found that all major world currencies are significantly correlated with each other, but the correlations between Bitcoin and all major currencies are insignificant. Furthermore, they also found that the correlation between the return from Bitcoin and the return from gold is insignificant. Since the characteristic of Bitcoin is different from other major currencies, they claim that Bitcoin may be less useful as a currency. Furthermore, they measure portfolios efficiency with the Sharpe ratio, the Sortino ratio, and the Omega ratio. Their results show that Bitcoin can enhance the performance of an investor's portfolio.
There is a significant risk on the sustainability of Bitcoin. The Bitcoin user is now enjoying a very low transaction fee. Individual miner and Bitcoin exchange companies charge low transaction fees because they want to increase the number of Bitcoin user. An increased demand for Bitcoin can raise the price of Bitcoin. As a result, Bitcoin miners obtain higher-margin revenue by mining a new Bitcoin. However, when all Bitcoins are ijef.ccsenet.org International Journal of Economics and Finance Vol. 10, No. 2; 2018 created, and Bitcoin is widely used. The marginal revenue that received from mining new Bitcoins will disappear, but the miners' margin costs become higher. Since every transaction of Bitcoin would be recorded in Bitcoin network, the distributed ledger requires significant computing power. As a result, the transaction fee needs to rise, so it may cause Bitcoin lost its advantage compared with other fiat currencies (Ali et al., 2014) .
Methodology
The CAPM is used to evaluate the rate of return of an asset correlated to excess market return. The CAPM suggests that a return of an asset equals to the risk-free rate plus the product of risk measure and excess market return. The mathematical expression of the CAPM is as follows:
In this study, we modified the CAPM to evaluate Bitcoin excess return instead of just return of Bitcoin. Equation (2) is the modified CAPM, and it is also the equation for the empirical analysis.
Where , − , is Bitcoin excess return; , is the return of Bitcoin, and it is calculated as , = (
where is the price of Bitcoin in US dollar; , is the risk-free rate; , − , is excess market return which is defined as the market risk, , , is subtracted by the risk-free rate. Excess market can also refer as market premium. For the detail of excess market return calculation, see note number (5).
is the risk measure. If the estimated value of is significant and larger than 1, Bitcoin excess return is more volatile than the excess market return. Bitcoin is considered having systematic risk in that case. Or if the estimated value of is insignificant or less than 1, Bitcoin excess return is unrelated or less volatile than the excess market return. In this case, Bitcoin does not have systematic risk. Subscript is the time series index; is the disturbance term.
The Fama-French Three Factors Model is also applied to examine the excess return on Bitcoin. This model is developed by Eugene Fama and Kenneth French. They expand the CAPM by adding two more variables to control the market fluctuation: Small Minus Big (SMB) and High Minus Low (HML). In general SMB captures the different values of small companies and large companies in the market, and HML captures the different price-to-book ratio of small companies and large companies in the market. For the detail of SMB and HML, see notes (2) and (3). As same as in the CAPM, we use Bitcoin excess return as a dependent variable for the Fama-French Three Factors Model. The estimated empirical equation for this model shows below,
where again , − , is Bitcoin excess return; , − , is excess market return; is Small Minus Big (SMB);
is High Minus Low (HML); subscript is the time series index; is the disturbance term.
Mean-variance portfolio analysis is used to identify the optimal risky portfolio that is how much proportion of Bitcoin should be included in a portfolio. According to the mean-variance portfolio analysis, the optimal risky portfolio can be found by minimizing portfolio variance subject to two constraints. The first constraint sets the level of expected excess return, and the second constraint makes sure that the sum of the portfolio weights is one. The mathematical expression of mean-variance portfolio analysis shows below:
where is a vector of portfolio weights; ∑ is the variance-covariance matrix of excess returns; ̅ is a vector of expected excess returns on Bitcoin and market; is the expected return in minimum-variance portfolio. After minimizing equation (4) subject to the two constraints, the optimal weights of risky assets can be found as: Table 2 shows the correlation matrix among the variables. Both Tables are the daily data in the U.S. market. The fluctuation of Bitcoin excess return is much bigger than the excess market return in the U.S. market. The mean value and the standard deviation of Bitcoin excess return are 1.24 and 8.32, respectively, whereas the mean value and the standard deviation of the excess market return in the U.S. market are 0.08 and 1.03, respectively. The correlations between Bitcoin excess return and other variables are tiny. These small correlations suggest that Bitcoin should have a less systematic risk. (2) is results of the Fama-French Three Factors Model. In the CAPM, the coefficient of the U.S. excess market return is less than one and positively significant at 10 percentage level; this coefficient means that a 1% increase in excess market return leads to 0.44% increases in Bitcoin excess return. As a result, Bitcoin excess return is less volatile than the market; Bitcoin is considered a non-systematic risk asset. In the Fama-French Three Factors Model, all three variables are insignificant, so the change of Bitcoin excess return cannot be explained by excess market return, SMB and HML variables. The results from the two models support each other. Both models conclude that Bitcoin does not have a systematic risk. Therefore, the results suggest that Bitcoin can be used to hedge the market fluctuation. In other words, Bitcoin can be used to diversify the risk in an investment portfolio. These results support the findings in Briere, Oosterlink, and Szafarz (2013) . They find that well-diversified portfolios with small proportion of Bitcoin may significantly improve the risk-return characteristics. ] is the optimal proportion of Bitcoin and stocks in an investment portfolio. ⁺Japan is excluded in Asian Pacific region. ⁺⁺U.S. is excluded in Global region. Table 5 reports the results of mean-variance portfolio analyses. Panel A shows the result in the U.S. market using daily data, the optimal proportion of Bitcoin in an investment portfolio is 21.41%. Panel B shows the results in different regions using monthly data; the results suggest that the optimal proportion of Bitcoin in an investment portfolio is around 4.9% to 13.6% depends on the regions. The expected Bitcoin excess return is 1.24 per day and 36.55 per month, and the expected market excess return is only 0.08 per day in the U.S. and between 0.8 and 1.49 depends on different regions.
Results and Discussion

Robustness Tests
All the results for robustness tests are reported in the appendix. For robustness tests, we first re-estimate the CAPM and the Fama-French Three Factors Model using different sources of Bitcoin's prices. Bitcoin's prices are obtained from Coindesk.com website in the last section. In the first robustness test, Bitcoin's prices are collected from Oanda.com website. The calculations of Bitcoin's prices are different between Coindesk.com and Oanda.com websites. In Coindesk.com, the price of Bitcoin is a simple average of Bitcoin's prices in the US dollar from four exchange companies: Bitfinex, Bitstamp, BTC-e, and LakeBTC. In Oanda.com, the website claims that the price of Bitcoin is averaged for global foreign exchange markets, but the website does not disclose the detail for the its sources. Moreover, Oanada.com provides only the weekly data for Bitcoin's prices, and its dataset starts from 8/2010. Thus, the sample period in the first robustness test is from the period of 8/2010 and 7/2014. Using the weekly data, the CAPM and the Fama-French Three Factors Model show once again that none of the variables are significant. The results report in Table 6 . These results confirm that Bitcoin does not have systematic risk in the U.S. market. Table 7 show the results of the CAPM and the Fama-French Three Factors Model in different regions using monthly data from Oanada.com. The findings are similar to Table 4 where the data of Bitcoin price is from Coindesk.com. None of the variables are significant across the regions. Therefore, the results of these robustness tests reconfirm our results that Bitcoin has no systematic risk in the U.S. and other regions in the world. Table 8 reports the results of mean-variance portfolio analysis using data from Oanda.com. The optimal proportion of Bitcoin in an investment portfolio is 16.1% using the U.S. weekly data. However, the optimal proportion of Bitcoin in an investment portfolio drops to around 4.4% to 12.1% depends on different regions. These results are similar compared with the results using data from Coindesk.com and Oanda.com. The optimal proportion of Bitcoin in an investment portfolio is higher in high-frequency data.
In above analysis, agents are only allowed to allocate their wealth in between the stock market and Bitcoin since the excess market return that provides from Professor French's website is the value-weighted return from the listed firms in the stock markets. In reality, agents may allocate their wealth to various assets, such as government bonds, corporate bonds, real states, etc. To achieve a more precise analysis of the systematic risk of Bitcoin and the optimal proportion of Bitcoin in an investment portfolio, we construct an agent's wealth index that includes varieties of assets in the market.
In the agent's wealth index, only the risky assets are incorporated because the goal is to estimate the optimal proportion of Bitcoins in a risky portfolio. The agent's wealth index is a weighted average of bonds, stocks and real estate; the weight of these assets is based on the survey of changes in the U.S. family finances from 2010 to ijef.ccsenet.org International Journal of Economics and Finance Vol. 10, No. 2; 2018 2013 (Bricker et al., 2014 . In the survey, it reports the ownerships of any financial asset in the U.S. families in the year 2010 and 2013. Since some of the financial assets are not considered as risky assets such as certificate of deposit, transaction accounts, and vehicles, we select three assets to represent the risky assets: bonds (Note 6), stocks (Note 7), and real estate (Note 8). The weights of these risky assets are 24.75% in bonds, 8.44% in stocks, and 66.81% in real estate in the year 2010, and 21.57% in bonds, 10.91% in stocks, and 67.52% in real estate in the year 2013. To measure the return of the three risky assets, the growth rate of Moody's seasoned aaa corporate bond yield as a proxy for bonds; excess market return data from professor Fench's website is used again to represent the return on the stocks; and the return of the U.S. real estate market is measured by the growth rate of the FTSE NAREIT US real estate index. Because of the data limitation, the agents' wealth index is constructed only in monthly data for the U.S. market. Table 10 and Table 9 is the agents' wealth index. The agents' wealth index in the Table 10 follows the weights of risky assets in the year 2013. The results are similar to the Table 9 and Table 10 . None of the variables are significant in both the CAPM and the Fama-French Three Factors Model, and the optimal proportion of Bitcoin in an investment portfolio raises from 7.4% to 8.4%.
Furthermore, instead of using average Bitcoin's prices, we re-estimate our models use the price of Bitcoin from a single Bitcoin exchange company, Bitstamp. The historical transactions data for Bitstamp is obtained from bitcoin charts' website (Note 9). The excess Bitcoin return is again calculated by the growth rate of average daily Bitcoin prices subtract from the risk-free rate. The observation period is between 9/13/2011 and 6/30/2014 because Bitstamp started its business in the year 2011. We, again, re-estimate all the CAPM, the Fama-French Three Factors Model, and mean-variance portfolio analysis replacing the new measurement of excess Bitcoin return, and the results are reported in the Table 11 . The results from the CAPM and the Fama-French Three Factors Model confirm the main result that Bitcoin does not have a systematic risk. The optimal proportion of Bitcoin in a portfolio is 12.59%. This percentage is much lower than 21% which is the result that obtained from using Bitcoin's prices from Coindesk.com. The result still suggests investors to hold a small amount of Bitcoin in their portfolio.
As we mentioned in the introduction, the risk of holding Bitcoin is not limited to systematic risk. Bitcoin holders may expose the risks of theft and fraud. For the risk of fraud, we inquire to the U.S. Securities and Exchange Commission, but we have not received any reply from them. For the risk of theft, we use a simple analysis to estimate the probability of Bitcoin theft. To the best of our knowledge, we found 8 cases of Bitcoin theft. Table  12 shows the value and the number of Bitcoins were stolen in each case. The probability of Bitcoin theft is calculated by the ratio of the total number of Bitcoins theft to the total number of Bitcoins in circulation. The total Bitcoin in circulation was around 14,530,000 BTC in September 2015, and the total number of Bitcoin theft was 785,116.96 BTC. Thus, the probability of Bitcoin theft is 5. 4% (785,116.96/14,530 ,000 × 100 = 5.4%).
As a result, we would claim that the risk of theft in Bitcoin is not high.
After figuring out the probability of Bitcoin theft, we incorporate this information into the mean-variance analysis to estimate the optimal proportion of Bitcoin in an investment portfolio. We assume that there is a certain probability that Bitcoin would be stolen in an investment portfolio, and represents the probability. The return of the stolen Bitcoin is a negative one. After incorporating this information, the adjusted expected excess Bitcoin return, [ , − , ], becomes:
The risk-free rate is not affected by the probability of Bitcoin theft, so , = , . Based on the adjusted expected excess Bitcoin return, the variance of the adjusted excess Bitcoin return becomes:
Where
2 ](1 − ). The covariance of the adjusted excess Bitcoin return and the excess market return can be obtained from the following equation:
Where [( , − , )( , − , )] = (−1)( , − , ) + ( , − , )( , − , )(1 − ). Having the variances and covariance of the adjusted excess Bitcoin return and the excess market return, we re-estimate the optimal proportion of Bitcoin in an investment portfolio using equation (7). The results report in Table 13 , and these ijef.ccsenet.org
International Journal of Economics and Finance Vol. 10, No. 2; 2018 results are very similar to the main results in Table 5 . The optimal proportion of Bitcoin in an investment portfolio drops slightly from 21.4% to 20.3% after incorporating the probability of Bitcoin theft using daily data. Moreover, the results almost stay the same in the estimation of the optimal proportion of Bitcoin in an investment portfolio using monthly data. Therefore, investors can almost ignore the probability of Bitcoin theft in constructing an investment portfolio.
To see the difference between Bitcoin and traditional asset. We compare the results between Bitcoin and gold in the CAPM and the Fama-French Three Factors Model. The price of gold in London (morning fixing, 1 ounce of fine gold, in term of US dollar) is selected for the comparison; the price of gold is obtained from Quandl.com website. As same as Bitcoin, we use the excess gold return, the growth rate of gold prices subtracts from the risk-free rate. Table 14 shows the results of the CAPM and the Fama-French Three Factors Model for the excess gold return. Excess market return has positively significant impacts on all the regions except Japan. The coefficients of excess market returns are less than 1, so excess gold return does not have a systematic risk, but the stock market fluctuation does affect the price of gold. Thus, the movement of Bitcoin's prices does not behave like the price in tradition assets such as gold.
According to the definition of the market portfolio, a portfolio consisting all securities in which the proportion invested in each security corresponds to its relative market value. However, our portfolio does not include any proportion of Bitcoin. To overcome this short come, we add Bitcoin into the portfolio, and the proportion of Bitcoin is based on the ratio of Bitcoin capitalization and stock market capitalization. The year 2012 is the latest data for stock markets capitalization around to the world. This data shows in the Table 16 shows the weights of Bitcoin in the market portfolio depends on Bitcoin capitalization in 2012 and November 10, 2015. The column (2) in the Table 16 is the total stock market capitalization on those regions. The names of countries within each region is listed in the appendix. Tables 17 and 18 report the results of the CAPM and the Fama-French Three Factors Model using daily data with the market portfolio incorporated Bitcoin. The difference between Table 17 and Table 18 is the weight of Bitcoin in the market portfolio. The weight of Bitcoin in the market portfolio is 0.0004% in the table 17 and 0.0289% in the table 18, which is based on the Bitcoin capitalization in 2012 and 2015. The results are very similar compared to Table ( 3), our main results. The excess market return variables are positively significant and less than one in the CAPMs but insignificant in the Fama-French Three Factors Models. The values of R-squared are close to zero. Thus, Bitcoin does not have a systematic risk in the U.S. market.
We apply the two market portfolios to the different regions. Since the weight of Bitcoin is extremely tiny in the market portfolio, the results stay the same. The optimal proportion of Bitcoin in an investment portfolio is 21.5% in the U.S. market under the analysis using daily data, and the optimal proportion of Bitcoin in an investment portfolio is around 4.9% to 13.6% depends on different regions. Throughout the different robustness tests, the results consistently suggest that Bitcoin does not have a systematic risk, and the optimal proportion of Bitcoin in an investment portfolio is around 4.4% to 21.5%.
Conclusion
This study examines the systematic risk of Bitcoin using the CAPM and the Fama-French Three Factors Model between the period 8/2010 and 7/2014. The results suggest that Bitcoin is a non-systematic risk asset around the world markets. These results imply that including Bitcoin in an investment portfolio can diversify its risk wherever the investment is located. In addition, the mean-variance portfolio analyses suggest that the optimal proportion of Bitcoin in an investment portfolio is between 4.4% to 21.5%. Finland, France, Germany, Greece, Hong Kong, Ireland, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Singapore, Spain, Switzerland, Sweden, United Kingdom.
The European factors and portfolios include Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and the United Kingdom.
The Japanese factors and portfolios include only Japan.
The Asia Pacific ex-Japan factors and portfolios include Australia, Hong Kong, New Zealand, and Singapore.
The North American factors and portfolios include Canada and the United States.
Primary residences include mobile homes and their sites, the parts of farms and ranches not used for farming or ranching business, condominiums, cooperatives, townhouses, other single-family forms, and other permanent dwellings.
Other residential property includes second homes, time-shares, one-to four-family rental properties, and other types of residential properties. It also includes outstanding balances on loans that the family may have made to finance the sale of properties they previously owned and which are still owed to the family.
Nonresidential real estate includes the following types of properties unless they are owned through a business: commercial property, rental property with five or more units, farm and ranch land, undeveloped land, and all other types of nonresidential real estate.
Business equity includes net worth in the following forms of business: sole proprietorships, limited partnerships, other types of partnerships, S corporations and other types of corporations that are not publicly traded, limited liability companies, and other types of private businesses. ] is the optimal proportion of Bitcoin and stocks in an investment portfolio. ⁺Japan is excluded in Asian Pacific region. ⁺⁺U.S. is excluded in Global region. 
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